ABSTRACT Increased diurnal variation of expiratory flow rates has been documented in patients with chronic bronchitis, but this could be secondary to the disease process of bronchitis rather than an associated disease-namely, asthma. Peak expiratory flow was measured twice daily before and after inhalation of 200 jig salbutamol in 34 subjects with chronic bronchitis. The FEV1 ranged from 38% to 121% predicted. Diurnal variation (expressed as highest-lowest/highest (%)) was increased in 18 subjects, all but three of whom had airflow obstruction and an increase in methacholine airway responsiveness. There was only a weak correlation between diurnal variation and airway responsiveness (r = -0 54) or the severity of the airflow obstruction. This finding, together with the occurrence of an increase in diurnal variation without an increase in methacholine airway responsiveness in three subjects, suggests that the increased diurnal variation in chronic bronchitis may have a different underlying mechanism from that in asthma.
An increased diurnal variability of peak expiratory flow (PEF) has been documented in patients with chronic bronchitis and airflow obstruction,1 3 but it is not clear whether this is due to associated asthma or is secondary to other factors, such as expectoration of sputum4 or magnification of normal variability due to the small diameter of the airways (Poiseuille's law).5
Interpretation of this increased variability is complicated by semantics, because asthma is defined functionally as "variable airflow obstruction."6 This definition, however, does not take into account the underlying pathology. In different diseases the events initiating the variability of airway narrowing may be different, even though the end result could be similar variability in airflow.
Recent studies have shown that mediator release occurs in asthmatic subjects in response to stimuli such as exercise79 or isocapnic hyperventilation of cold air,8 and increased "releasability" of mediator containing cells may be a fundamental abnormality in asthma.9 -l Bronchoconstriction in response to exercise or isocapnic hyperventilation therefore is likely to indicate the presence of asthma, although the absence of bronchoconstriction cannot exclude the disease with certainty. In keeping with this hypothesis, we have reported that most patients with chronic bronchitis did not develop bronchoconstriction after isocapnic hyperventilation of cold air,12 unlike asthmatic patients with a similar level of airflow obstruction at the time of the test. '3 We considered that an appreciable degree of asthma was unlikely to be present in subjects with chronic bronchitis and airflow obstruction if bronchoconstriction did not occur in response to hyperventilation.
We have therefore investigated diurnal variability of peak flow in subjects with chronic bronchitis, who were not considered to have clinical asthma and who did not develop bronchoconstriction in response to isocapnic hyperventilation. We included subjects with airflow obstruction ranging from mild to severe and some with no obstruction, in order to try to differentiate between effects caused by chronic bronchitis itself and those due to irreversible obstruction.
We used a standardised method,'4 and compared the variability with methacholine responsiveness because in asthmatic subjects the greater the increase in methacholine responsiveness the greater the diurnal variability.
Methods

SUBJECTS
The 34 subjects we describe in this paper were chosen 772 from 43 we studied with a history of cigarette smoking and chronic bronchitis.6 All had had cough and sputum for three months for two consecutive years. None was considered to have asthma by the attending physician. Twenty seven were recruited from the Firestone Regional Chest and Allergy Unit at St Joseph's Hospital, and were selected by availability and willingness to enter the study. They were described in detail in a previous paper on bronchial responsiveness in chronic bronchitis.12 Sixteen additional subjects were recruited through a newspaper article seeking people who had smoked for more than 10 years and who had a smoker's cough. We excluded six of the original 27 from the present analysis because of findings during the study that were thought to be consistent with a possible diagnosis of asthma (three developed bronchoconstriction in response to hyperventilation of cold air, one had sputum eosinophilia, and two had improved spirometric performance by more than 15% with prednisone treatment), and one subject was unable to keep peak flow records. Two of the 16 additional subjects were excluded because they were found to develop bronchoconstriction in response to cold air challenge. Of the 34 remaining subjects, all but two had current cough and sputum, 28 were smokers, six were exsmokers, and none developed bronchoconstriction in response to hyperventilation of cold air. In eight subjects the FEV1 was less than 60% predicted; of these, five had no response to prednisone treatment, there was a medical contraindication to its use in one, and one had been taking prednisone since a hospital admission. The eighth was a volunteer to whom we could not give prednisone. All subjects gave written consent, and the study was approved by the hospital research committee.
STUDY DESIGN
The subjects attended the laboratory on three study days for the initial study, as described previously. 12 A methacholine inhalation test,15 isocapnic hyperventilation of cold air,'6 and spirometric tests before and after inhalation of salbutamol 200 g were performed on separate days. Prick skin tests with 16 common allergens were documented, blood was collected for a total eosinophil count, and morning sputum was examined for eosinophils.
When the initial study had been completed, the subjects measured PEF at home twice daily for one week, using a mini Wright peak flow meter. They recorded the best of three blows before and 15 minutes after inhaling salbutamol 200 Mg on awakening and in the afternoon between 1600 and 1800 hours.'4 The salbutamol was taken by the subjects from a metered dose inhaler by the open mouth technique. 7 Ramsdale, Morris, Hargreave ANALYSIS The subjects were divided into two groups. Seventeen subjects had no features which could be considered to be associated with asthma (group 1). The remaining 17 subjects (group 2) had some features that might be found in association with asthma, but all are nonspecific and are often found in non-asthmatic subjects: 10 subjects had positive skin test reactions to one or more common allergens, four showed an improvement in FEV, by more than 15% after salbutamol, in two subjects the blood eosinophil count was slightly raised (400-500 x 109/l) but without sputum eosinophilia, and one individual was taking prednisone following a hospital admission with pulmonary heart disease.
The diurnal variation of peak flow was calculated from the mean difference between the lowest (presalbutamol) and the highest (postsalbutamol), expressed as a percentage of the highest.
Linear regression analysis was used to investigate relationships between diurnal variation and 50r-cL 0CL (table) . The variability was related to bronchial responsiveness to methacholine and to severity of airflow obstruction to investigate the likely mechanism of its increase. Although there was a correlation between variability of PEF and airway responsiveness to methacholine (PC20), the relationship was not close (r = -0 54, p < 0 01, fig 2) . Three subjects (two in group 1) had an increased variability of PEF despite normal airway responsiveness to methacholine. By contrast, nine subjects showed normal variability of PEF, but had an increase in methacholine responsiveness; seven of these, however, had only a borderline increase in responsiveness, with values of PC20 of 8-16 mg/ml. There was a weak correlation between variability of PEF and severity of airflow obstruction when this was expressed as FEV1/VC (r = -0A44, p <0 05; fig 3) but not when it was expressed as FEV1 (% predicted) (r = -0-24, p > 0 1) (fig4). This study has confirmed that increased variability of PEF occurs in many patients with chronic bronchitis and no other evidence of asthma. Although we found that there was a relationship between the increased variability of PEF and airway responsiveness to methacholine, unlike in asthmatic subjects14 the correlation was not strong. In addition, there was only a weak inverse correlation between variability of PEF and the severity of airflow obstruction if this was expressed as FEV1/VC(%), and no significant relationship when expressed as FEV1 % predicted. We believe that these findings are in keeping with the hypothesis that the mechanisms of the increase in variability are different in chronic bronchitis and in asthma, and that airflow obstruction does not account for the increased variability. Hence an increase in variability of PEF is not necessarily diagnostic of asthma if chronic bronchitis is present. The increased variability in some patients with no airflow obstruction and normal bronchial responsiveness to methacholine suggests that sputum production might be a contributory factor to the variability, but further studies are required to investigate this hypothesis.
On the basis of cosinor analysis, the diurnal variation of PEF in asthmatic subjects has been shown to be an exaggeration of the normal circadian rhythm.18 Thus the diurnal variability is not in itself abnormal. There are several factors that could increase the measured variability in those without asthma. Firstly, when the airways are narrowed small changes in diameter will result in greater changes in resistance (and hence flow rates) than in those with normal sized airways (Poiseuille's law).5 The measured variability would be increased, but in both cases the actual change in muscle tone would be the same. Secondly, when the measured flow rates are small, small absolute changes will produce large percentage changes. Thirdly, patients with chronic bronchitis produce sputum. Expectoration of sputum occurs most frequently in the morning, and this could decrease airways resistance. administration. In addition, the asthmatic subjects were recovering from an exacerbation, which would increase their variability. In this study we have used a standardised method to control as many of the variables as possible, so that comparison across groups is possible. Twice daily measurement of PEF at home is practical and the standard administration of a bronchodilator to all groups enables the results from the bronchitic subjects to be compared with both those from asthmatic and normal subjects. There is no direct way to confirm or exclude the presence of asthma or to determine whether all subjects with increased variability have the same underlying disease. Normally, when a diagnostic test is evaluated the diagnosis is verified against a "gold standard" in those with and without the disease and confirmation obtained that those with different but commonly confused disorders have a negative result.25 Since there is no "gold standard" for the diagnosis of asthma these steps cannot be followed. Indirect methods have to be used that are open to differing interpretations. In this study we suggest that the subjects are unlikely to have had additional asthma: half of the subjects had no other features suggestive of asthma (group 1) and would normally be considered to be definitely non-asthmatic. Moreover, there was no difference in the results between this group and the other subjects (group 2), in whom there were some features that could be associated with asthma. This suggests that these subjects were from the same population. In addition, none of the subjects developed bronchoconstriction in response to hyperventilation of cold air, which would be expected in all except those with mild asthma.
These findings suggest that greater diurnal variation of PEF in patients with chronic bronchitis than in normal subjects may not necessarily be due to associated asthma. Variability of airflow obstruction could result from more than one mechanism and the results suggest the need for caution in the interpretation of diagnostic tests for asthma when other disease processes are present. Further investigation may indicate an expected upper limit of variability of 776 PEF in subjects with chronic bronchitis, and determine whether increases in excess of this are due to the additional presence of asthma.
